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ABSTRACT (word count: 271; word limit: 300) 47 

 48 

Objective: To assess the accuracy of the South African National Health Laboratory Services 49 

(NHLS) centralized data warehouse (CDW) using a novel data crossmatching method.  50 

 51 

Methods: Adults (≥18y) on antiretroviral therapy who visited a hospital-based HIV clinic in 52 

Durban from March-June 2012 were included. We matched patient identifiers, CD4 and viral 53 

load (VL) records from the HIV clinic’s electronic record with the NHLS CDW according to a 54 

set of matching criteria for patient identifiers, test values and test dates. We calculated the 55 

matching rates for patient identifiers, CD4 and VL records, and an overall matching rate. 56 

 57 

Results: NHLS returned records for 3498 (89.6%) of the 3906 individuals requested. Using our 58 

computer algorithm, we confidently matched 3278 patients (83.9% of the total request). 59 

Considering less than confident matches as well, and then manually reviewing questionable 60 

matches using only patient identifiers, only 9 (0.3% of records returned by NHLS) of the 61 

suggested matches were judged incorrect.  62 

 63 

Conclusions: We developed a data crossmatching method to evaluate national laboratory data 64 

and were able to match almost nine of ten patients with data we expected to find in the NHLS 65 

CDW. We found few questionable matches, suggesting that manual review of records returned 66 

was not essential. As the number of patients initiating ART in South Africa grows, maintaining a 67 

comprehensive and accurate national data repository is of critical importance, since it may serve 68 

as an invaluable tool to evaluate the effectiveness of the country’s HIV care system. This study 69 
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helps validate the use of NHLS CDW data in future research on South Africa’s HIV care system 70 

and may inform analyses in similar settings with national laboratory systems.  71 

 72 

 73 

 74 

 75 

 76 

 77 
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 79 

 80 

 81 
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 90 

 91 

 92 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 93 

 94 

• This is the first analysis to propose a novel method for examining the completeness and 95 

accuracy of records related to HIV care from a national data source.  96 

• We developed a comprehensive and self-contained algorithm that may inform future 97 

analyses focusing on linkage to and retention in HIV care, and this methodology may 98 

also apply to data matching analyses in similar settings, as many sub-Saharan African 99 

countries have some sort of national laboratory system. 100 

• NHLS requirements for submitting identifiers with laboratory requisitions during the 101 

study period were not strict enough to allow uniformly perfect matching; thus, we had to 102 

create extensive matching categories to cover the range of match types and quality.  103 

• While we considered our patient identifier, CD4 and VL test record matching criteria 104 

detailed and comprehensive, a different team might develop an alternative set of rules and 105 

designations, and classify specific results differently.  106 

• We had a large range of patient identifier matching criteria for what we considered an 107 

adequate match; while these criteria were discussed at length, they ultimately were 108 

subjective decisions. 109 

 110 

 111 

 112 

 113 

 114 

 115 
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INTRODUCTION 116 

 117 

South Africa has the largest HIV treatment program in the world, with > 3.1 million people on 118 

antiretroviral therapy (ART) [1]. The government has expanded its national program in recent 119 

years in a transition to “country ownership” from the previous non-governmental organizations 120 

and private clinics [2-5]. As HIV care transitions to the public sector and the number of patients 121 

initiating ART grows, maintaining comprehensive and accurate patient data is of critical 122 

importance. Reliable and valid national data becomes increasingly useful for evaluating linkage 123 

to and retention in HIV care, for monitoring patients longitudinally across clinic sites, and for 124 

assessing the quality of care at the national level.  125 

 126 

Patients undergoing HIV treatment at public and semi-private health centers in South Africa 127 

have routine blood samples sent to a National Health Laboratory Service (NHLS) laboratory for 128 

testing; these data are then stored at a central repository in the NHLS Corporate Data Warehouse 129 

(CDW). NHLS data have previously been used to evaluate the effectiveness of certain 130 

government-funded HIV programs [6-8], identify patterns of the TB epidemic [9, 10], and 131 

determine cancer incidence rates among HIV-infected individuals [11]. CD4 count and viral load 132 

(VL) records serve as indicators of being in HIV care, as these are monitored regularly while 133 

patients are receiving ART. However, NHLS CDW data have not been assessed to determine 134 

utility specifically for identifying and tracking patients in HIV care. While previous studies have 135 

compared mortality records between South African civil registration and clinics to evaluate the 136 

completeness of national mortality data [12, 13], no such comparison has been performed 137 

between CD4 and VL records for patients in HIV care.                              138 
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 139 

We assessed the completeness and accuracy of the NHLS CDW for tracking patients using a 140 

cohort of patients who visited McCord Hospital’s HIV clinic during a three-month period just 141 

prior to clinic closure due to loss of funding. We present here a method developed to match 142 

patients based on McCord Hospital patients’ identifiers, CD4 records and VL values prior to 143 

transfer to data provided to us by the NHLS. 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 
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METHODS 162 

 163 

Study Site 164 

McCord Hospital was a semi-private, general hospital in KwaZulu-Natal serving a 165 

predominantly urban population from the greater Durban area. The Sinikithemba HIV clinic at 166 

McCord, which became a PEPFAR-funded site in 2004, was an integral part of the South 167 

African ART scale-up and initiated over 10 000 patients on ART [14]. Sinikithemba served a 168 

predominantly African, Zulu-speaking population. The clinic had a monitoring and evaluation 169 

team and an electronic medical record. Due to loss of PEPFAR funding, the clinic closed in 170 

2012.  171 

 172 

All patients who returned to the clinic for clinical appointments, laboratory tests, or pharmacy 173 

refills March 12-June 30, 2012 were referred for transfer to clinics in the Durban area. Data 174 

collected at the time of transfer included name, gender, date of birth, most recent pre-transfer 175 

CD4 count and VL values and dates. We have previously reported on the Sinikithemba transfer 176 

process evaluating linkage to initial transfer clinic visit and patient attitudes about their transfer 177 

experience using telephone surveys and clinic visits [14, 15]. 178 

 179 

Study Population 180 

We studied adults ≥18 years on ART who visited the HIV clinic during the transfer period. 181 

Routinely collected programmatic data were used. Participants provided verbal consent for study 182 

participation. The study protocol was approved by the McCord Hospital Research Ethics 183 
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Committee (Durban, South Africa) and the Partners Human Research Committee (2012-P-184 

001122/1, Boston, MA). 185 

 186 

National Health Laboratory Service (NHLS) 187 

The National Health Laboratory Service (NHLS) was established in 2001 and supports national 188 

and provincial health departments in South Africa. It is the largest diagnostic pathology service 189 

in the country, providing laboratory and related services to over 80% of the population through a 190 

national network of laboratories [6]. The NHLS performs all public sector CD4 and VL 191 

monitoring and maintains a CDW that serves as a national repository for laboratory data from the 192 

public sector. Healthcare workers at public health facilities complete laboratory requisition forms 193 

which accompany each sample submitted to the CDW. All data, including patient identifiers, 194 

name of facility, date of sample, and tests requested, are sent to the CDW and are captured 195 

electronically by the NHLS information system in real time. The CDW has developed an 196 

algorithm which utilizes both rules-based and probabilistic matching based on demographic 197 

attributes using fuzzy logic [16, 17]. This is applied to all test data at time of entry and results in 198 

a master patient index within the CDW.    199 

 200 

Data Collection and Processing 201 

We sent a list of all 4257 McCord Hospital transfer patients with corresponding identifiers (a 202 

patient ID internal to our population, used to identify "matches" between the NHLS and McCord 203 

datasets; first name; surname; sex; date of birth) to the NHLS for matching of laboratory records.  204 

The NHLS extracted data in October 2014. To assist with the matching process, we also sent last 205 

known CD4 and VL values and dates recorded in the electronic medical record at McCord 206 
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Hospital. We received two datasets (CD4 count and VL) containing potential matches from the 207 

NHLS. These datasets had 16 340 and 18 677 records from 3774 patients and included our 208 

internal patient ID, which reflected the patient that the NHLS believed that the records matched. 209 

We performed three separate matching analyses using patient identifiers (first name, surname, 210 

date of birth, gender), CD4 counts and test dates, and VL values and test dates. In each analysis, 211 

we assessed the quality of the match within our internal patient ID; thus, we assessed how well 212 

the data provided by the NHLS using their probabilistic matching technique represented a true 213 

match. From the original 4257 patient list, duplicated patient IDs (n = 12) and patients <18 years 214 

on June 30, 2012 (n = 337) were removed prior to matching. Two patients who had neither a 215 

CD4 count nor VL record from McCord Hospital were also removed. This left a cohort of 3906 216 

patients to match based on patient identifiers. For the CD4 matching analysis, we removed 1 217 

patient who did not have CD4 data in the McCord database, for a cohort of 3905 patients. We 218 

removed 297 patients who did not have VL data in the McCord database, resulting in a cohort of 219 

3609 patients for the VL record matching analysis. 220 

 221 

Matching of Records between NHLS and McCord Datasets 222 

We performed our matching analysis in three stages; first, we cross-checked patient identifiers 223 

between the McCord and NHLS datasets to determine the distribution of optimal identifier 224 

matching, using all records for a particular individual prior to clinic closure. Next, we assessed 225 

the reported CD4 and VL records separately, independent of patient identifiers. Lastly, we 226 

considered the best test record match from a particular internal patient ID number in conjunction 227 

with the patient identifier match for that specific record to determine the overall distribution of 228 

matching based on both test records and patient identifiers. In this final matching analysis, the 229 
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patient identifier match was determined for the better match on either CD4 or VL. If the test 230 

match quality was the same, we used the better patient match of the two test records.   231 

 232 

Matching Using Patient Identifiers 233 

Within each internal patient ID, we used surname, first name, DOB and gender to assess the 234 

quality of the match between the NHLS CDW and the McCord data record. Based on a detailed 235 

set of matching criteria (Supplementary Table 1), we classified patient IDs into five general 236 

matching categories: confident, likely, likely despite keying errors, possible, and other. If 237 

corresponding patient identifiers fell into the latter two categories, they were reviewed manually; 238 

otherwise they were considered an adequate match and not reviewed. The manual review 239 

processes consisted of an independent review by two authors (IVB; SCF), with a third 240 

“tiebreaker” review by another author (RAP) for any discordant matching designations.  241 

 242 

Matching Based on Test Results 243 

We had a cohort of 3905 patients for the CD4 record matching analysis and 3609 patients for the 244 

VL matching analysis. If the CD4 count in the McCord record and a corresponding NHLS CDW 245 

record were an exact match, we compared the McCord test data to the two dates provided by the 246 

NHLS (test date and record date) for consistency (Supplementary Table 2). When the dates were 247 

consistent (exact match; month and day reversed; dates differed by less than 7 days; dates 248 

differed by one of year, month, or day), we considered the records a confident match. If the CD4 249 

counts from corresponding McCord and NHLS CDW records differed, but there was an exact 250 

match on dates, we considered the records a possible match. If the dates did not match, we 251 

considered the records an unlikely match, even if the CD4 values matched. Records containing 252 
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both discrepant CD4 values and mismatching dates were not considered matched. Following 253 

these same criteria, we categorized corresponding NHLS CDW and McCord VL records as 254 

confident, possible, or unlikely matches. Because VL is often reported as undetectable, we had to 255 

use a somewhat looser criterion for considering the VL result an exact match (Supplementary 256 

Table 2). 257 

 258 

Matching Based on Patient Identifier, Conditional on Matching based on a Test Result 259 

After matching CD4 and VL values and dates, we assessed the accuracy of the patient identifier 260 

information based on the specific record used for the test matching. When there were equally 261 

good matches for both the CD4 and VL test, we used the better of the two patient matches for 262 

this classification. 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 
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RESULTS 276 

 277 

Cohort Characteristics 278 

Of 3906 participants included in the analysis, 41% of the cohort was male and the median age 279 

was 39 (interquartile range [IQR] 34 to 46). The majority of patients had CD4 counts above 280 

200/µl at transfer (> 500/µl 29%, 200-500/µl 55%, < 200/µl 15%), and 84% of patients were 281 

virologically suppressed. 282 

 283 

Best Patient Identifier Matching 284 

Of 3906 patients, 3498 had one or more records returned by the NHLS. There were a median of 285 

6 records (interquartile range: 5-7) per patient combining both CD4 and VL data; the maximum 286 

was 37 records for one individual. 3278 (93.7%) of these 3498 patients were considered 287 

confident matches. The distribution of patient identifier match categories is included in Table 1. 288 

Despite considering multiple potential matching criteria, only 45 additional matches (1.2%; 289 

likely and possible matches) were identified using automated procedures. Most of the additional 290 

matches (166; 4.7%) required manual review. Only 9 individuals (5.1%) of 175 who required 291 

manual review for the best match were not considered a match. Thus, only 0.3% of 3498 with 292 

any records were not considered matches. However, an additional 408 (10.4%) of the patients 293 

from McCord’s HIV clinic did not have records in the NHLS CDW. Thus, overall we were able 294 

to match 89.3% of the patients in the McCord record with patients in the NHLS database, and 295 

virtually all of the records (99.7%) returned from NHLS were matches to the McCord patients.  296 

 297 

Matching Based on CD4 Test Result and Date 298 
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After removing the 1 patient who did not have a CD4 test result in the McCord dataset, there 299 

were 3451 patients who had ≥1 CD4 records found in the NHLS CDW. 3270 (94.8%) of these 300 

3451 patients had CD4 records that were considered a confident match. 57 (1.7%) records were 301 

considered possible matches and 36 (1.0%) were considered unlikely matches. There were 88 302 

records (2.5%) which did not match on test value and did not match on test date. The distribution 303 

of CD4 record matching is shown in Table 2.  304 

 305 

Matching Based on Viral Load Test Result and Date 306 

After removing 297 patients who did not have VL results in the McCord dataset, there were 244 307 

(6.8%) patients who did not have any VLs found in the NHLS CDW. Among the returned 308 

records for the remaining 3365 patients, there were 3306 (98.2%) VL records that were 309 

considered a confident match, 11 (0.3%) that were considered possible matches and 1 (0.03%) 310 

that was considered an unlikely match. There were 47 records (1.4%) which did not match on test 311 

value and did not match on test date. The distribution of VL record matching is shown in Table 312 

3.  313 

 314 

Quality of Patient Identifier Match for Best Test Record Match 315 

After determining the best match for each test for a specific patient ID, we assessed how well the 316 

patient identifiers matched on the specific test record. Among the 3469 patients with a confident 317 

match on CD4 or VL, 3187 patients (91.9%) were also considered a confident match on the 318 

patient identifiers as well, and overall only 10 (0.3%) were not considered matched on the patient 319 

identifiers after manual review. Even the possible matches were found to be valid most of the 320 

time (185/189, 97.9%) after manual review, but only 23/29 (79.3%) of the other records were 321 
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valid matches. Most of the additional 272 matches were based on manual review (208/272, 322 

76.5%). Overall, we manually reviewed 218 records, 10 of which were considered not matched 323 

(4.6%). The distribution of patient identifier matches by best test matches is shown in Table 4.    324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 
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DISCUSSION 345 

 346 

We assessed the completeness and accuracy of the NHLS CDW by matching patient identifiers 347 

and CD4 and VL test results from a McCord Hospital dataset to data returned by NHLS for these 348 

individuals. NHLS returned records for 89.6% of the individuals requested. Importantly, we 349 

found a very low false matching rate in the NHLS data, as only 0.3% of the patients identified by 350 

NHLS were not the patients from our initial request. Using only personal identifiers, we 351 

confidently matched 3278 of 3906 (83.9%) patients. Ignoring identifiers, we confidently matched 352 

83.7% (3270 of 3905) of patients based on CD4 value and test date, and 91.6% (3306 of 3609) of 353 

patients with a VL result from McCord Hospital. Of all patients who had a confident match on 354 

either a CD4 or VL test, 91.9% (3187 of 3469) of those specific records were also a confident 355 

match using patient identifiers.  356 

 357 

Comparing patient identifiers between McCord and NHLS datasets, a vast majority of patients 358 

were identified as confident matches. Confident matches made up 94% of the matched cohort, 359 

while all other matching categories combined (likely, likely despite keying errors, possible, and 360 

other) comprised only 6%, suggesting that the overall quality of matched records was high. 361 

While it was valuable to examine all potential match types and ranges of match quality, the 362 

extensive matching categories may not be necessary as the NHLS records returned were virtually 363 

always (99.7%) the patient for whom we requested data. When analyzing CD4 and VL test 364 

results separately, there was a slightly higher confident matching rate (98.2%) for VL results 365 

than for CD4 records (94.8%) among those with any results returned by NHLS. Patients 366 

considered a confident match in the CD4 analysis had to have an exact CD4 value match, while 367 
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patients in the VL analysis had to exhibit a match in VL status to be considered a confident 368 

match. Because VL results for most individuals are grouped into a suppressed category, the CD4 369 

analysis may provide a more accurate matching process due to the more precise measure of CD4 370 

value.  371 

 372 

There are several limitations to our record matching method. NHLS requirements for submitting 373 

identifiers with laboratory requisitions during the study period were not strict enough to allow 374 

uniformly perfect matching; thus, we had to create extensive matching categories to cover the 375 

range of match types and quality. While we considered our patient identifier, CD4 and VL test 376 

record matching criteria detailed and comprehensive, a different team might develop an 377 

alternative set of rules and designations, and classify specific results differently. Additionally, we 378 

had a large range of patient identifier matching criteria for what we considered an adequate 379 

match; while these criteria were discussed at length, they ultimately were subjective decisions. 380 

While we were able to categorize a large proportion of records by our matching algorithm, there 381 

were additional records that required manual review. Although some manual matches could 382 

potentially have been more accurately resolved by consulting an outside source, we sought to 383 

keep the record matching algorithm self-contained to increase the likelihood that this method 384 

could be used by others. Finally, providing laboratory data to NHLS for the matching process 385 

might have improved the ability of the NHLS CDW to identify and match our specific patients, 386 

so our results might overestimate the ability to match records based solely on patient identifiers.  387 

 388 

Despite the drawbacks of this methodology, this study has several important strengths. This is 389 

the first analysis to propose a novel method for examining the completeness and accuracy of 390 
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records related to HIV care from a national data source. We developed a comprehensive and self-391 

contained algorithm that may inform future analyses focusing on linkage to and retention in HIV 392 

care. This methodology may also apply to data matching analyses in similar settings, as many 393 

sub-Saharan African countries have some sort of national laboratory system [18]. Due to the 394 

closing of the HIV clinic at McCord Hospital and the rapid transfer of a large cohort of patients, 395 

we had a considerable number of comprehensive and up-to-date records with which to assess the 396 

quality of NHLS CDW data.  397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 
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CONCLUSION 414 

 415 

As South Africa’s HIV treatment program transitions to the public sector and the number of 416 

patients initiating ART grows, maintaining a comprehensive and accurate national data 417 

repository is of critical importance, as it may serve as an invaluable tool to evaluate the 418 

effectiveness of the country’s HIV care system. Through the method that we created to evaluate 419 

national laboratory data, we have demonstrated that the NHLS CDW is both comprehensive and 420 

accurate. The NHLS CDW is centralized, broad, and supports a wide coverage of public clinics 421 

across the country; it therefore may serve as an appropriate and effective resource for tracking 422 

patients within the public HIV care system. Our ability to confirm the NHLS CDW as a reliable 423 

data source can help transcend the limitations of collecting and analyzing data within individual 424 

clinics, which presents challenges such as differences in record-keeping methods and marked 425 

variability in how patients are identified. This analysis not only validates the use of NHLS CDW 426 

data in future studies evaluating South Africa’s HIV care system, but may also inform data 427 

matching projects in similar settings with national laboratory systems.  428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 
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Table 1. Best Match of NHLS Data with McCord Data Solely Using Patient Identifiers 

Matching category (general and specific) Total = 3906 

Confident  3278 (83.9%) 

     Exact match on surname, first name, DOB*, gender 1823 (46.7%) 

     Exact match on surname, at least first word of first name, DOB, gender 1433 (36.7%) 

     Exact match on surname, first name, gender, DOB missing or unusable 8 (0.2%) 

     Exact match on at least first word of surname and first names, DOB, gender 5 (0.1%) 

     Exact match on at least first word of surname and first names, gender, DOB         

     missing or unusable 
9 (0.2%) 

Likely  1 (0.03%) 

     Surname and first name are reversed, exact match on gender, DOB missing   

     or unusable 
1 (0.03%) 

Likely despite keying errors  44 (1.1%) 

     Exact match on surname, first name, DOB, gender different 15 (0.4%) 

     Exact match on surname, first name, gender, DOB discrepant in one part  

     (day, month, or year) 
7 (0.2%) 

     Exact match on surname, at least first word of first name, DOB, gender   

     different 
13 (0.3%) 

     Exact match on surname, at least first word of first name, gender, DOB   

     discrepant in one part (day, month, or year) 
9 (0.2%) 

Possible (manually confirmed “yes”)  150 (3.8%) 

     Exact match on at least first word of surname, first word of first name does  

     not match, exact match on DOB (if usable) and gender (if usable) 
119 (3.0%) 

     First word of surname does not match, exact match on at least first  

     word of first name, DOB (if usable) and gender (if usable) 
31 (0.8%) 

Other (manually confirmed “yes”)  16 (0.4%) 

Possible (manually confirmed “no”)  3 (0.08%) 

     First word of surname does not match, exact match on at least first word  

     of first name, DOB (if usable) and gender (if usable) 
 3 (0.08%) 

Other (manually confirmed “no”)  6 (0.2%) 

No NHLS records  408 (10.4%) 

*DOB: date of birth. 
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Table 2. NHLS Match for Specific CD4 Test Result and Date in the McCord Data Set 

Matching category (general and specific) Total = 3905 

Confident  3270 (83.7%)* 

     Exact match on CD4 count and test date 2925 (74.9%) 

     Exact match on CD4 count, month and day of test date reversed 9 (0.2%) 

     Exact match on CD4 count, test date within 7 days 272 (7.0%) 

     Exact match on CD4 count, test date discrepant in one part (day, month,  

     or year) 
57 (1.5%) 

     Exact match on CD4 count and registration date 3 (0.08%) 

     Exact match on CD4 count, registration date within 7 days 2 (0.05%) 

     Exact match on CD4 count, registration date discrepant in one part (day,  

     month, or year) 
2 (0.05%) 

Possible  57 (1.5%) 

     Different CD4 counts, exact match on test date 57 (1.5%) 

Unlikely  36 (0.9%) 

     Exact match on CD4 count, different test date  36 (0.9%) 

No match 542 (13.9%) 

     Different CD4 counts and different test and registration dates 88 (2.3%) 

     No CD4 value in NHLS 454 (11.6%) 

* Percents are of the total McCord records with CD4 results. 
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Table 3. NHLS Match for Specific Viral Load Test Result and Date in the McCord Data Set 

Matching category (general and specific) Total = 3609 

Confident  3306 (91.6%)* 

     Exact match on viral load record and test date 2993 (82.9%) 

     Exact match on viral load record, month and day of test date reversed 9 (0.2%) 

     Exact match on viral load record, test date within 7 days 254 (7.0%) 

     Exact match on viral load record, test date discrepant in one part (day,   

     month, or year) 
49 (1.4%) 

     Exact match on viral load record, registration date discrepant in one part  

     (day, month, or year) 
1 (0.03%) 

Possible  11 (0.3%) 

     Different viral load value, exact match on test date 11 (0.3%) 

Unlikely  1 (0.03%) 

     Exact match viral load value, different test date  1 (0.03%) 

No match 291 (8.1%) 

     Different viral load values and different test and registration dates 47 (1.3%) 

     No viral load value in NHLS 244 (6.8%) 

* Percents are of the total McCord records with viral load results. 
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Table 4. Quality of Patient Identifier Match for Best Test Record Match 

Patient match 

category 

Record match category (CD4 or viral load)* 

 Confident Possible Unlikely No match Total 

Confident 3187 

(91.9%) 

2 

(100%) 

9 

(100%) 

13 

(3.1%) 

3211 

(82.2%) 

Likely 1 

(0.03%) 

0 

 

0 

 

0 

 

1 

(0.03%) 

Likely despite 

keying errors 

63 

(1.8%) 

0 0 0 63 

(1.6%) 

Possible: Yes 185 

(5.3%) 

0 0 

 

4 

(0.9%) 

189 

(4.8%) 

Other: Yes 23 

(0.7%) 

0 0 0 23 

(0.6%) 

Possible: No 4 

(0.1%) 

0 0 0 4 

(0.1%) 

Other: No 6 

(0.2%) 

0 

 

0 

 

1 

(0.2%) 

7 

(0.2%) 

No NHLS 

Records 

0 

 

0 

 

0 

 

408 

(95.8%) 

408 

(10.4%) 

Total 3469 2 9 426 3906 

*Percentages are column percentages. 
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Supplemental Table 1. Sequence of Matching Criteria for Patient Identifiers 

Confident match 

Exact match on surname, first name, DOB*, gender 

Exact match on surname, at least first word of first name, DOB, gender 

Exact match on surname, first name and: 

     DOB (gender missing or unusable) 

     Gender (DOB missing or unusable) 

Exact match on at least first word of surname and first names, DOB, gender 

Exact match on at least first word of surname and first names and: 

     DOB (gender missing or unusable) 

     Gender (DOB missing or unusable) 

Likely match 

Surname and first name are reversed and: 

     Exact match on DOB and gender 

     Exact match on DOB (gender missing or unusable) 

     Exact match on gender (DOB missing or unusable) 

First word of surname and first word of first name are reversed and: 

     Exact match on DOB and gender 

     Exact match on DOB (gender missing or unusable) 

     Exact match on gender (DOB missing or unusable) 

Likely match despite keying errors 

Exact match on surname, first name, DOB, gender different 

Exact match on surname, first name, gender, DOB discrepant in one part (day, month, or 

year)  

Exact match on surname, at least first word of first name, DOB, gender different 

Exact match on surname, at least first word of first name, gender, DOB discrepant in one 

part (day, month, or year) 

Exact match on first word of surname, at least first word of first name, DOB, gender 

different 

Exact match on first word of surname, at least first word of first name, gender, DOB 

discrepant in one part (day, month, or year) 

Surname and first name are reversed, exact match on DOB, gender different 

Surname and first name are reversed, exact match on gender, DOB discrepant in one part 

(day, month, or year) 

First word of surname and first word of first name are reversed, exact match on DOB, 

gender different 

First word of surname and first word of first name are reversed, exact match on gender, 

DOB discrepant in one part (day, month, or year) 

Possible match (manual review required) 

Exact match on at least first word of surname, first word of first name does not match , 

exact match on DOB (if usable) and gender (if usable) 

First word of surname does not match, exact match on at least first word of first name, 

DOB (if usable) and gender (if usable)  

Other match (manual review required) 

*DOB: date of birth.
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Supplemental Table 2. Sequence of Matching Criteria for CD4 and Viral Load (VL) Tests 

Confident match 

Exact match on CD4 or VL value* and McCord test date consistent: 

     Exact match on test date 

     Month and day of test date reversed 

     Test date within 7 days 

     Test date discrepant in one part (day, month, or year) 

     Exact match on registration date 

     Month and day of registration date reversed 

     Registration date within 7 days 

     Registration date discrepant in one part (day, month, or year) 

Possible match 

Different CD4 or VL value, exact match on test date 

Different CD4 or VL value, exact match on registration date 

Unlikely match 

Exact match on CD4 or VL value, different test date 

Exact match on CD4 or VL value, different registration date 

No match 

Different CD4 or VL value, different test and registration dates 

No CD4 or VL value in NHLS 

* VL values are considered matched on the value in any of the following situations: 

1. Both McCord and NHLS records had matching viral load values 

2. McCord record had a value of <150 copies/ml and NHLS record value was marked “<150” 

3. McCord record had a value of <40 copies/ml and NHLS record value was marked “<40” 

4. McCord record had a value of <20 copies/ml and NHLS record value was marked “<20” 

5. McCord record value was marked “undetectable” and the NHLS record value was marked 

“<150”, “<40”, “<20”, or “lower than detectable limit” 
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ABSTRACT (word count: 271; word limit: 300) 47 

 48 

Objective: To assess the accuracy of the South African National Health Laboratory Services 49 

(NHLS) centralized data warehouse (CDW) using a novel data crossmatching method.  50 

 51 

Methods: Adults (≥18y) on antiretroviral therapy who visited a hospital-based HIV clinic in 52 

Durban from March-June 2012 were included. We matched patient identifiers, CD4 and viral 53 

load (VL) records from the HIV clinic’s electronic record with the NHLS CDW according to a 54 

set of matching criteria for patient identifiers, test values and test dates. We calculated the 55 

matching rates for patient identifiers, CD4 and VL records, and an overall matching rate. 56 

 57 

Results: NHLS returned records for 3498 (89.6%) of the 3906 individuals requested. Using our 58 

computer algorithm, we confidently matched 3278 patients (83.9% of the total request). 59 

Considering less than confident matches as well, and then manually reviewing questionable 60 

matches using only patient identifiers, only 9 (0.3% of records returned by NHLS) of the 61 

suggested matches were judged incorrect.  62 

 63 

Conclusions: We developed a data crossmatching method to evaluate national laboratory data 64 

and were able to match almost nine of ten patients with data we expected to find in the NHLS 65 

CDW. We found few questionable matches, suggesting that manual review of records returned 66 

was not essential. As the number of patients initiating ART in South Africa grows, maintaining a 67 

comprehensive and accurate national data repository is of critical importance, since it may serve 68 

as a valuable tool to evaluate the effectiveness of the country’s HIV care system. This study 69 
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helps validate the use of NHLS CDW data in future research on South Africa’s HIV care system 70 

and may inform analyses in similar settings with national laboratory systems.  71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 

 87 

 88 

 89 

 90 

 91 

 92 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 93 

 94 

• This is the first analysis to propose a novel method for examining the completeness and 95 

accuracy of records related to HIV care from a national data source.  96 

• We developed a comprehensive and self-contained algorithm using commonly available 97 

patient identifiers (first name, surname, date of birth, gender) that may inform future 98 

analyses focusing on linkage to and retention in HIV care, and this methodology may 99 

also apply to data matching analyses in similar settings, as many sub-Saharan African 100 

countries have some sort of national laboratory system. 101 

• NHLS requirements for submitting identifiers with laboratory requisitions during the 102 

study period were not strict enough to allow uniformly perfect matching; thus, we had to 103 

create extensive matching categories to cover the range of match types and quality.  104 

• While we considered our patient identifier, CD4 and VL test record matching criteria 105 

detailed and comprehensive, a different team might develop an alternative set of rules and 106 

designations, and classify specific results differently.  107 

• We had a large range of patient identifier matching criteria for what we considered an 108 

adequate match; while these criteria were discussed at length, they ultimately were 109 

subjective decisions. 110 

 111 

 112 

 113 

 114 

 115 
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INTRODUCTION 116 

 117 

South Africa has the largest HIV treatment program in the world, with > 3.1 million people on 118 

antiretroviral therapy (ART) [1]. The government has expanded its national program in recent 119 

years in a transition to “country ownership” from the previous non-governmental organizations 120 

and private clinics [2-5]. As HIV care transitions to the public sector and the number of patients 121 

initiating ART grows, maintaining comprehensive and accurate patient data is of critical 122 

importance. Reliable and valid national data becomes increasingly useful for evaluating linkage 123 

to and retention in HIV care, for monitoring patients longitudinally across clinic sites, and for 124 

assessing the quality of care at the national level.  125 

 126 

Patients undergoing HIV treatment at public and semi-private health centers in South Africa 127 

have routine blood samples sent to a National Health Laboratory Service (NHLS) laboratory for 128 

testing; these data are then stored at a central repository in the NHLS Corporate Data Warehouse 129 

(CDW). NHLS data have previously been used to evaluate the effectiveness of certain 130 

government-funded HIV programs [6-8], identify patterns of the TB epidemic [9, 10], and 131 

determine cancer incidence rates among HIV-infected individuals [11]. CD4 count and viral load 132 

(VL) records serve as indicators of being in HIV care, as these are monitored regularly while 133 

patients are receiving ART. However, NHLS CDW data have not been assessed to determine 134 

utility specifically for identifying and tracking patients in HIV care. While previous studies have 135 

compared mortality records between South African civil registration and clinics to evaluate the 136 

completeness of national mortality data [12, 13], no such comparison has been performed 137 

between CD4 and VL records for patients in HIV care.                              138 
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 139 

We assessed the completeness and accuracy of the NHLS CDW for tracking patients using a 140 

cohort of patients who visited McCord Hospital’s HIV clinic during a three-month period just 141 

prior to clinic closure due to loss of funding. We present here a method developed to match 142 

patients based on McCord Hospital patients’ identifiers, CD4 records and VL values prior to 143 

transfer to data provided to us by the NHLS. 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 
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METHODS 162 

 163 

Study Site 164 

McCord Hospital was a semi-private, general hospital in KwaZulu-Natal serving a 165 

predominantly urban population from the greater Durban area. The Sinikithemba HIV clinic at 166 

McCord, which became a PEPFAR-funded site in 2004, was an integral part of the South 167 

African ART scale-up and initiated over 10 000 patients on ART [14]. Sinikithemba served a 168 

predominantly African, Zulu-speaking population. The clinic had a monitoring and evaluation 169 

team and an electronic medical record. Due to loss of PEPFAR funding, the clinic closed in 170 

2012.  171 

 172 

All patients who returned to the clinic for clinical appointments, laboratory tests, or pharmacy 173 

refills March 12-June 30, 2012 were referred for transfer to clinics in the Durban area. Data 174 

collected at the time of transfer included name, gender, date of birth, most recent pre-transfer 175 

CD4 count and VL values and dates. We have previously reported on the Sinikithemba transfer 176 

process evaluating linkage to initial transfer clinic visit and patient attitudes about their transfer 177 

experience using telephone surveys and clinic visits [14, 15]. 178 

 179 

Study Population 180 

We studied adults ≥18 years on ART who visited the HIV clinic during the transfer period. 181 

Routinely collected programmatic data were used. 182 

 183 

National Health Laboratory Service (NHLS) 184 
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The National Health Laboratory Service (NHLS) was established in 2001 and supports national 185 

and provincial health departments in South Africa. It is the largest diagnostic pathology service 186 

in the country, providing laboratory and related services to over 80% of the population through a 187 

national network of laboratories [6]. The NHLS performs all public sector CD4 and VL 188 

monitoring and maintains a CDW that serves as a national repository for laboratory data from the 189 

public sector. Healthcare workers at public health facilities complete laboratory requisition forms 190 

which accompany each sample submitted to the CDW. All data, including patient identifiers, 191 

name of facility, date of sample, and tests requested, are sent to the CDW and are captured 192 

electronically by the NHLS information system in real time. The CDW has developed an 193 

algorithm which utilizes both rules-based and probabilistic matching based on demographic 194 

attributes using fuzzy logic [16, 17]. This is applied to all test data at time of entry and results in 195 

a master patient index within the CDW.    196 

 197 

Data Collection and Processing 198 

We sent a list of all 4257 McCord Hospital transfer patients with corresponding patient 199 

identifiers (first name, surname, date of birth, gender) to the NHLS for matching of laboratory 200 

records (Supplementary Figures 1A and 1B). We also included an internal study ID to identify 201 

each patient so that the NHLS could determine which records they were providing matched our 202 

requested records. The NHLS extracted data in October 2014. McCord Hospital data were 203 

matched against the entire CD4 and VL datasets for KwaZulu-Natal Province from November 1, 204 

2010 through October 31, 2014. To minimize the data lost when exchanging between systems, 205 

the NHLS has checks in place to ensure that the number of records sent by the LIS (Laboratory 206 

Information System) interface are processed into the CDW. In the event of system failures, there 207 
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is the ability to re-que data from the LIS. Trend reporting of test volumes over time also assists 208 

with data gaps. To assist with the matching process, we also sent last known CD4 and VL values 209 

and dates recorded in the electronic medical record at McCord Hospital. We received two 210 

datasets (CD4 count and VL) containing potential matches from the NHLS. These datasets had 211 

16 340 and 18 677 records from 3774 patients. We performed three separate matching analyses 212 

using patient identifiers (first name, surname, date of birth, gender), CD4 counts and test dates, 213 

and VL values and test dates. In each analysis, we assessed the quality of the match within our 214 

internal study ID for each patient; thus, we assessed how well the data provided by the NHLS 215 

using their probabilistic matching technique represented a true match. From the original 4257 216 

patient list, duplicated study IDs (n = 12) and patients <18 years on June 30, 2012 (n = 337) were 217 

removed prior to matching. Two patients who had neither a CD4 count nor VL record from 218 

McCord Hospital were also removed. This left a cohort of 3906 patients to match based on 219 

patient identifiers. For the CD4 matching analysis, we removed 1 patient who did not have CD4 220 

data in the McCord database, for a cohort of 3905 patients. We removed 297 patients who did 221 

not have VL data in the McCord database (missing viral load data may reflect a test not being 222 

performed or patients recently initiated on ART who had not yet met guidelines for undergoing a 223 

VL test), resulting in a cohort of 3609 patients for the VL record matching analysis.  224 

 225 

Matching of Records between NHLS and McCord Datasets 226 

We performed our matching analysis in three stages; first, we cross-checked patient identifiers 227 

between the McCord and NHLS datasets to determine the distribution of optimal identifier 228 

matching, using all records for a particular individual prior to clinic closure. Next, we assessed 229 

the reported CD4 and VL records separately, independent of patient identifiers. Lastly, we 230 
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considered the best test record match from a particular internal study ID number in conjunction 231 

with the patient identifier match for that specific record to determine the overall distribution of 232 

matching based on both test records and patient identifiers. In this final matching analysis, the 233 

patient identifier match was determined for the better match on either CD4 or VL. If the test 234 

match quality was the same, we used the better patient match of the two test records.   235 

 236 

Matching Using Patient Identifiers 237 

Within each internal study ID for each patient, we used surname, first name, DOB and gender to 238 

assess the quality of the match between the NHLS CDW and the McCord data record. Based on 239 

a detailed set of matching criteria (Supplementary Table 1), we classified patient study IDs into 240 

five general matching categories: confident, likely, likely despite keying errors, possible, and 241 

other. If corresponding patient identifiers fell into the latter two categories, they were reviewed 242 

manually; otherwise they were considered an adequate match and not reviewed. The manual 243 

review processes consisted of an independent review by two authors (IVB; SCF), with a third 244 

“tiebreaker” review by another author (RAP) for any discordant matching designations.  245 

 246 

Matching Based on Test Results 247 

We had a cohort of 3905 patients for the CD4 record matching analysis and 3609 patients for the 248 

VL matching analysis. If the CD4 count in the McCord record and a corresponding NHLS CDW 249 

record were an exact match, we compared the McCord test data to the two dates provided by the 250 

NHLS (test date and record date) for consistency (Supplementary Table 2). When the dates were 251 

consistent (exact match; month and day reversed; dates differed by less than 7 days; dates 252 

differed by one of year, month, or day), we considered the records a confident match. If the CD4 253 
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counts from corresponding McCord and NHLS CDW records differed, but there was an exact 254 

match on dates, we considered the records a possible match. If the dates were not consistent we 255 

considered the records an unlikely match, even if the CD4 values matched. Records containing 256 

both discrepant CD4 values and mismatching dates were considered no match. Following these 257 

same criteria, we categorized corresponding NHLS CDW and McCord VL records as confident, 258 

possible, or unlikely matches. Because VL is often reported as undetectable, we had to use a 259 

somewhat looser criterion for considering the VL result an exact match (Supplementary Table 2). 260 

 261 

Matching Based on Patient Identifier, Conditional on Matching based on a Test Result 262 

After matching CD4 and VL values and dates, we assessed the accuracy of the patient identifier 263 

information based on the specific record used for the test matching. When there were equally 264 

good matches for both the CD4 and VL test, we used the better of the two patient matches for 265 

this classification. 266 

 267 

Patient and Public Involvement 268 

Neither patients nor the public were involved in developing this project. 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 
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RESULTS 277 

 278 

Cohort Characteristics 279 

Of 3906 participants included in the analysis, 41% of the cohort was male and the median age 280 

was 39 (interquartile range [IQR] 34 to 46). The majority of patients had CD4 counts above 281 

200/µl at transfer (> 500/µl 29%, 200-500/µl 55%, < 200/µl 15%), and 84% of patients were 282 

known to be virologically suppressed. 283 

 284 

Best Patient Identifier Matching 285 

Of 3906 patients, 3498 had one or more records returned by the NHLS. There were a median of 286 

6 records (interquartile range: 5-7) per patient combining both CD4 and VL data; the maximum 287 

was 37 records for one individual. 3278 (93.7%) of these 3498 patients were considered 288 

confident matches. The distribution of patient identifier match categories is included in Table 1. 289 

Despite considering multiple potential matching criteria, only 45 additional matches (1.2%; 290 

likely and possible matches) were identified using automated procedures. Most of the additional 291 

matches (166; 4.7%) were manually confirmed. Only 9 individuals (5.1%) of 175 who required 292 

manual review for the best match were not considered a match. Thus, only 0.3% of 3498 with 293 

any records were not considered matches. However, an additional 408 (10.4%) of the patients 294 

from McCord’s HIV clinic did not have records in the NHLS CDW. Thus, overall we were able 295 

to match 89.3% of the patients in the McCord record with patients in the NHLS database, and 296 

virtually all of the records (99.7%) returned from NHLS were matches to the McCord patients.  297 

 298 

Matching Based on CD4 Test Result and Date 299 
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After removing the 1 patient who did not have a CD4 test result in the McCord dataset, there 300 

were 3451 patients who had ≥1 CD4 records found in the NHLS CDW. 3270 (94.8%) of these 301 

3451 patients had CD4 records that were considered a confident match. 57 (1.7%) records were 302 

considered possible matches and 36 (1.0%) were considered unlikely matches. There were 88 303 

records (2.5%) which did not match on test value and did not match on test date. The distribution 304 

of CD4 record matching is shown in Table 2.  305 

 306 

Matching Based on Viral Load Test Result and Date 307 

After removing 297 patients who did not have VL results in the McCord dataset, there were 244 308 

(6.8%) patients who did not have any VLs found in the NHLS CDW. Among the returned 309 

records for the remaining 3365 patients, there were 3306 (98.2%) VL records that were 310 

considered a confident match, 11 (0.3%) that were considered possible matches and 1 (0.03%) 311 

that was considered an unlikely match. There were 47 records (1.4%) which did not match on test 312 

value and did not match on test date. The distribution of VL record matching is shown in Table 313 

3.  314 

 315 

Quality of Patient Identifier Match for Best Test Record Match 316 

After determining the best match for each test for a specific patient study ID, we assessed how 317 

well the patient identifiers matched on the specific test record. Among the 3469 patients with a 318 

confident match on CD4 or VL, 3187 patients (91.9%) were also considered a confident match 319 

on the patient identifiers as well, and overall only 10 (0.3%) of these specific test records were 320 

not considered matched on the patient identifiers after manual review. For the confidently 321 

matched lab tests, the possible matches were found to be valid almost all of the time (185/189, 322 
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97.9%) after manual review, but only 23/29 (79.3%) of the patient classified other records were 323 

valid matches. Most of the additional 272 matches were validated with manual review (208/272, 324 

76.5%). Overall, we manually reviewed 218 records which were confidently matched on a 325 

laboratory test, 10 of which were considered not matched (4.6%). The distribution of patient 326 

identifier matches by best test matches is shown in Table 4.    327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 
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DISCUSSION 346 

 347 

We assessed the completeness and accuracy of the NHLS CDW by matching patient identifiers 348 

and CD4 and VL test results from a McCord Hospital dataset to data returned by NHLS for these 349 

individuals. NHLS returned records for 89.6% of the individuals requested. Importantly, we 350 

found a very low false matching rate in the NHLS data, as only 0.3% of the patients identified by 351 

NHLS were not the patients from our initial request. These mismatches may have occurred due 352 

to incorrect recording in our internal database, in the NHLS database, or incorrect data recorded 353 

in the lab requisitions. This low false matching rate suggests that our comprehensive matching 354 

process is not needed for record reviews for future work. For the few individual patients with 355 

mismatching records, there may be implications for missing results when transferring to a new 356 

clinic. If there is tight linkage between the NHLS system and public clinic records, these patients 357 

may not be correctly found or linked when entering care at a new clinic. Using only personal 358 

identifiers, we confidently matched 3278 of 3906 (83.9%) patients. Ignoring identifiers, we 359 

confidently matched 83.7% (3270 of 3905) of patients based on CD4 value and test date, and 360 

91.6% (3306 of 3609) of patients with a VL result from McCord Hospital. Of all patients who 361 

had a confident match on either a CD4 or VL test, 91.9% (3187 of 3469) of those specific 362 

records were also a confident match using patient identifiers.  363 

 364 

Comparing patient identifiers between McCord and NHLS datasets, a vast majority of patients 365 

were identified as confident matches. Confident matches made up 94% of the matched cohort, 366 

while all other matching categories combined (likely, likely despite keying errors, possible, and 367 

other) comprised only 6%, suggesting that the overall quality of matched records was high. 368 

Page 16 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

17 

 

While it was valuable to examine all potential match types and ranges of match quality, the 369 

extensive matching categories may not be necessary as the NHLS records returned were virtually 370 

always (99.7%) the patient for whom we requested data. When analyzing CD4 and VL test 371 

results separately, there was a slightly higher confident matching rate (98.2%) for VL results 372 

than for CD4 records (94.8%) among those with any results returned by NHLS. Patients 373 

considered a confident match in the CD4 analysis had to have an exact CD4 value match, while 374 

patients in the VL analysis had to exhibit a match in VL status if suppressed or exact VL if not 375 

suppressed to be considered a confident match. Because VL results for most individuals are 376 

grouped into a suppressed category, the CD4 analysis may provide a more accurate matching 377 

process due to the more precise measure of CD4 value.  378 

 379 

There are several limitations to our record matching method. NHLS requirements for submitting 380 

identifiers with laboratory requisitions during the study period were not strict enough to allow 381 

uniformly perfect matching; thus, we had to create extensive matching categories to cover the 382 

range of match types and quality. While we considered our patient identifier, CD4 and VL test 383 

record matching criteria detailed and comprehensive, a different team might develop an 384 

alternative set of rules and designations, and classify specific results differently. Additionally, we 385 

had a large range of patient identifier matching criteria for what we considered an adequate 386 

match; while these criteria were discussed at length, they ultimately were subjective decisions. 387 

While we were able to categorize a large proportion of records by our matching algorithm, there 388 

were additional records that we manually reviewed. Although some manual matches could 389 

potentially have been more accurately resolved by consulting an outside source, we sought to 390 

keep the record matching algorithm self-contained to increase the likelihood that this method 391 
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could be used by others. Providing laboratory data to NHLS for the matching process might have 392 

improved the ability of the NHLS CDW to identify and match our specific patients, so our 393 

results might overestimate the ability to match records based solely on patient identifiers. Lastly, 394 

while we do not know why 10.6% of individuals requested did not have records returned, we 395 

speculate that these individuals may have never had any initial records entered, the data entered 396 

may have been so different between NHLS and McCord Hospital that these patients were never 397 

identified, or patients may have previously attended a private lab. 398 

 399 

Despite the drawbacks of this methodology, this study has several important strengths. This is 400 

the first analysis to propose a novel method for examining the completeness and accuracy of 401 

records related to HIV care from a national data source. We developed a comprehensive and self-402 

contained algorithm that may inform future analyses focusing on linkage to and retention in HIV 403 

care. This methodology may also apply to data matching analyses in similar settings, as many 404 

sub-Saharan African countries have some sort of national laboratory system [18]. For this 405 

matching analysis, we could only include identifiers that were required on the NHLS laboratory 406 

requisition form during the study period (first name, surname, gender, DOB). Adding more 407 

required identifiers might increase the utility of national laboratory systems for HIV programs 408 

that collect a variety of different identifiers and may also transcend the limitations of using a 409 

single official ID, such as South African ID number, for tracking patients across clinics in the 410 

public sector. In a previous study where we attempted to collect South African IDs, only a 411 

fraction of our participants were able or willing to supply this information and many of the IDs 412 

provided were invalid [19]. Lastly, due to the closing of the HIV clinic at McCord Hospital and 413 
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the rapid transfer of a large cohort of patients, we had a considerable number of comprehensive 414 

and up-to-date records with which to assess the quality of NHLS CDW data.  415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

Page 19 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20 

 

CONCLUSION 437 

 438 

As South Africa’s HIV treatment program transitions to the public sector and the number of 439 

patients initiating ART grows, maintaining a comprehensive and accurate national data 440 

repository is of critical importance, as it may serve as a valuable tool to evaluate the 441 

effectiveness of the country’s HIV care system. Through the method that we created to evaluate 442 

national laboratory data, we have demonstrated that the NHLS CDW is both comprehensive and 443 

accurate. The NHLS CDW is centralized, broad, and supports a wide coverage of public clinics 444 

across the country; it therefore may serve as an appropriate and effective resource for tracking 445 

patients within the public HIV care system. Our ability to confirm the NHLS CDW as a reliable 446 

data source can help transcend the limitations of collecting and analyzing data within individual 447 

clinics, which presents challenges such as differences in record-keeping methods and marked 448 

variability in how patients are identified. Health workers, nurses, and clinicians may also be able 449 

to use the NHLS to track patients through clinic transfers in the public sector. Additionally, our 450 

work suggests that national HIV laboratory systems may benefit from including a more 451 

comprehensive set of patient identifiers on laboratory requisition forms to increase the likelihood 452 

of containing a complete, accessible list of patients from a wide variety of public HIV programs. 453 

This analysis not only validates the use of NHLS CDW data in future studies evaluating South 454 

Africa’s HIV care system, but may also inform data matching projects in similar settings with 455 

national laboratory systems.  456 

 457 

 458 

 459 
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Table 1. Best Match of NHLS Data with McCord Data Solely Using Patient Identifiers 

Matching category (general and specific) Total = 3906 

Confident  3278 (83.9%) 

     Exact match on surname, first name, DOB*, gender 1823 (46.7%) 

     Exact match on surname, at least first word of first name, DOB, gender 1433 (36.7%) 

     Exact match on surname, first name, gender, DOB missing or unusable 8 (0.2%) 

     Exact match on at least first word of surname, at least first word of first   

     name, DOB, gender 

5 (0.1%) 

     Exact match on at least first word of surname, at least first word of first   

     name, gender, DOB missing or unusable 
9 (0.2%) 

Likely  1 (0.03%) 

     Surname and first name are reversed, exact match on gender, DOB missing   

     or unusable 
1 (0.03%) 

Likely despite keying errors  44 (1.1%) 

     Exact match on surname, first name, DOB, gender different 15 (0.4%) 

     Exact match on surname, first name, gender, DOB discrepant in one part  

     (day, month, or year) 
7 (0.2%) 

     Exact match on surname, at least first word of first name, DOB, gender   

     different 
13 (0.3%) 

     Exact match on surname, at least first word of first name, gender, DOB   

     discrepant in one part (day, month, or year) 
9 (0.2%) 

Possible (manually confirmed “yes”)  150 (3.8%) 

     Exact match on at least first word of surname, first word of first name does  

     not match, exact match on DOB (if usable) and gender (if usable) 
119 (3.0%) 

     First word of surname does not match, exact match on at least first  

     word of first name, DOB (if usable) and gender (if usable) 
31 (0.8%) 

Possible (manually confirmed “no”) 3 (0.08%) 

     First word of surname does not match, exact match on at least first word  

     of first name, DOB (if usable) and gender (if usable) 
3 (0.08%) 

Other (manually confirmed “yes”)  16 (0.4%) 

Other (manually confirmed “no”)  6 (0.2%) 

No NHLS records  408 (10.4%) 

*DOB: date of birth. 
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Table 2. NHLS Match for Specific CD4 Test Result and Date in the McCord Data Set 

Matching category (general and specific) Total = 3905 

Confident  3270 (83.7%)* 

     Exact match on CD4 count and test date 2925 (74.9%) 

     Exact match on CD4 count, month and day of test date reversed 9 (0.2%) 

     Exact match on CD4 count, test date within 7 days 272 (7.0%) 

     Exact match on CD4 count, test date discrepant in one part (day, month,  

     or year) 
57 (1.5%) 

     Exact match on CD4 count and registration date 3 (0.08%) 

     Exact match on CD4 count, registration date within 7 days 2 (0.05%) 

     Exact match on CD4 count, registration date discrepant in one part (day,  

     month, or year) 
2 (0.05%) 

Possible  57 (1.5%) 

     Different CD4 counts, exact match on test date 57 (1.5%) 

Unlikely  36 (0.9%) 

     Exact match on CD4 count, different test date  36 (0.9%) 

No match 542 (13.9%) 

     Different CD4 counts and different test and registration dates 88 (2.3%) 

     No CD4 value in NHLS 454 (11.6%) 

* Percents are of the total McCord records with CD4 results. 
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Table 3. NHLS Match for Specific Viral Load Test Result and Date in the McCord Data Set 

Matching category (general and specific) Total = 3609 

Confident  3306 (91.6%)* 

     Exact match on viral load record and test date 2993 (82.9%) 

     Exact match on viral load record, month and day of test date reversed 9 (0.2%) 

     Exact match on viral load record, test date within 7 days 254 (7.0%) 

     Exact match on viral load record, test date discrepant in one part (day,   

     month, or year) 
49 (1.4%) 

     Exact match on viral load record, registration date discrepant in one part  

     (day, month, or year) 
1 (0.03%) 

Possible  11 (0.3%) 

     Different viral load value, exact match on test date 11 (0.3%) 

Unlikely  1 (0.03%) 

     Exact match viral load value, different test date  1 (0.03%) 

No match 291 (8.1%) 

     Different viral load values and different test and registration dates 47 (1.3%) 

     No viral load value in NHLS 244 (6.8%) 

* Percents are of the total McCord records with viral load results. 
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Table 4. Quality of Patient Identifier Match for Best Test Record Match 

Patient match 

category 

Record match category (CD4 or viral load)* 

 Confident Possible Unlikely No match Total 

Confident 3187 

(91.9%) 

2 

(100%) 

9 

(100%) 

13 

(3.1%) 

3211 

(82.2%) 

Likely 1 

(0.03%) 

0 

 

0 

 

0 

 

1 

(0.03%) 

Likely despite 

keying errors 

63 

(1.8%) 

0 0 0 63 

(1.6%) 

Possible: Yes 185 

(5.3%) 

0 0 

 

4 

(0.9%) 

189 

(4.8%) 

Possible: No 4 

(0.1%) 

0 0 0 4 

(0.1%) 

Other: Yes 23 

(0.7%) 

0 0 0 23 

(0.6%) 

Other: No 6 

(0.2%) 

0 

 

0 

 

1 

(0.2%) 

7 

(0.2%) 

No NHLS 

Records 

0 

 

0 

 

0 

 

408 

(95.8%) 

408 

(10.4%) 

Total 3469 2 9 426 3906 

*Percentages are column percentages. 
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Supplementary Table 1. Sequence of Matching Criteria for Patient Identifiers 

Confident match 

Exact match on surname, first name, DOB*, gender 

Exact match on surname, at least first word of first name, DOB, gender 

Exact match on surname, first name and: 

     DOB (gender missing or unusable) 

     Gender (DOB missing or unusable) 

Exact match on at least first word of surname, at least first word of first name, DOB, 

gender 

Exact match on at least first word of surname, at least first word of first name and: 

     DOB (gender missing or unusable) 

     Gender (DOB missing or unusable) 

Likely match 

Surname and first name are reversed and: 

     Exact match on DOB and gender 

     Exact match on DOB (gender missing or unusable) 

     Exact match on gender (DOB missing or unusable) 

First word of surname and first word of first name are reversed and: 

     Exact match on DOB and gender 

     Exact match on DOB (gender missing or unusable) 

     Exact match on gender (DOB missing or unusable) 

Likely match despite keying errors 

Exact match on surname, first name, DOB, gender different 

Exact match on surname, first name, gender, DOB discrepant in one part (day, month, or 

year)  

Exact match on surname, at least first word of first name, DOB, gender different 

Exact match on surname, at least first word of first name, gender, DOB discrepant in one 

part (day, month, or year) 

Exact match on first word of surname, at least first word of first name, DOB, gender 

different 

Exact match on first word of surname, at least first word of first name, gender, DOB 

discrepant in one part (day, month, or year) 

Surname and first name are reversed, exact match on DOB, gender different 

Surname and first name are reversed, exact match on gender, DOB discrepant in one part 

(day, month, or year) 

First word of surname and first word of first name are reversed, exact match on DOB, 

gender different 

First word of surname and first word of first name are reversed, exact match on gender, 

DOB discrepant in one part (day, month, or year) 

Possible match (manual review required) 

Exact match on at least first word of surname, first word of first name does not match , 

exact match on DOB (if usable) and gender (if usable) 

First word of surname does not match, exact match on at least first word of first name, 

DOB (if usable) and gender (if usable)  

Other match (manual review required) 

*DOB: date of birth.
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Supplementary Table 2. Sequence of Matching Criteria for CD4 and Viral Load (VL) Tests 

Confident match 

Exact match on CD4 or VL value* and McCord test date consistent: 

     Exact match on test date 

     Month and day of test date reversed 

     Test date within 7 days 

     Test date discrepant in one part (day, month, or year) 

     Exact match on registration date 

     Month and day of registration date reversed 

     Registration date within 7 days 

     Registration date discrepant in one part (day, month, or year) 

Possible match 

Different CD4 or VL value, exact match on test date 

Different CD4 or VL value, exact match on registration date 

Unlikely match 

Exact match on CD4 or VL value, different test date 

Exact match on CD4 or VL value, different registration date 

No match 

Different CD4 or VL value, different test and registration dates 

No CD4 or VL value in NHLS 

* VL values are considered matched on the value in any of the following situations: 

1. Both McCord and NHLS records had matching viral load values 

2. McCord record had a value of <150 copies/ml and NHLS record value was marked “<150” 

3. McCord record had a value of <40 copies/ml and NHLS record value was marked “<40” 

4. McCord record had a value of <20 copies/ml and NHLS record value was marked “<20” 

5. McCord record value was marked “undetectable” and the NHLS record value was marked 

“<150”, “<40”, “<20”, or “lower than detectable limit” 
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SUPPLENTARY FIGURE LEGEND 

 

Supplementary Figure 1A. Process of Determining Cohorts for Crossmatching Analysis 

We started with a patient list of 4257 McCord Hospital study IDs. Prior to matching with NHLS 

data, we removed duplicated study IDs (n=12), patients <18 years old on June 30, 2012 (n=337), 

and patients who had neither a CD4 count nor VL record from McCord Hospital (n=2), leaving a 

cohort of 3906 patients for patient identifier matching (“Filter 1”). For the CD4 matching 

analysis, we then removed a patient who did not have a CD4 count record from McCord Hospital 

(n=1), leaving a cohort of 3905 patients for CD4 matching (“Filter 2”). For the VL matching 

analysis, we removed 297 patients who did not have a VL record from McCord Hospital, leaving 

a cohort of 3609 for VL matching (“Filter 3”). 

Abbreviations: NHLS: National Health Laboratory Services; VL: viral load. 

 

Supplementary Figure 1B. Process of Receiving NHLS Data for Crossmatching Analysis 

We sent 4257 McCord Hospital study IDs to the NHLS. Study IDs were sent with associated 

patient identifiers (first name, surname, gender, date of birth) and last recorded CD4/VL from 

McCord Hospital. The NHLS then returned 3774 study IDs; the returned dataset contained 16 

340 CD4 records and 18 677 VL records from 3774 patients. We then compared these 3774 

study IDs to each of our filtered cohorts (Supplemental Figure 1A). Of our 3906 cohort for 

patient identifier matching, 3498 had one or more records returned by NHLS. Of our 3905 cohort 

for CD4 matching, 3451 had one or more CD4 records in NHLS. Of our 3609 cohort for VL 

matching, 3365 had one or more VL records in NHLS. 

Abbreviations: NHLS: National Health Laboratory Services; VL: viral load. 
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Supplementary Figure 1A. 
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Supplementary Figure 1B. 
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 Item 

No Recommendation 

Page/Line # in 

manuscript 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the 

title or the abstract 

1/1 

(b) Provide in the abstract an informative and balanced summary of 

what was done and what was found 

3-4/47-71 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation 

being reported 

6/118-138 

Objectives 3 State specific objectives, including any prespecified hypotheses 7/140-144 

Methods  

Study design 4 Present key elements of study design early in the paper  

Setting 5 Describe the setting, locations, and relevant dates, including periods 

of recruitment, exposure, follow-up, and data collection 

8/164-178 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants 

8/180-182 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

9-11/198-265 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of 

methods of assessment (measurement). Describe comparability of 

assessment methods if there is more than one group 

9-10/198-222 

Bias 9 Describe any efforts to address potential sources of bias 17-18/380-398 

Study size 10 Explain how the study size was arrived at 9-10/198-222 
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variables 
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Statistical methods 12 (a) Describe all statistical methods, including those used to control 

for confounding 

10-12/224-265 

(b) Describe any methods used to examine subgroups and 

interactions 

N/A 

(c) Explain how missing data were addressed 10/214-222 

(d) If applicable, describe analytical methods taking account of 

sampling strategy 

N/A 

(e) Describe any sensitivity analyses N/A 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

13-15/285-327 

(b) Give reasons for non-participation at each stage N/A 

(c) Consider use of a flow diagram Supplementary 

Figure 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

13-15/278-283 

(b) Indicate number of participants with missing data for each 

variable of interest 

Supplementary 

Figure 
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Outcome data 15* Report numbers of outcome events or summary measures N/A 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence interval). 

Make clear which confounders were adjusted for and why they were 

included 

N/A 

(b) Report category boundaries when continuous variables were 

categorized 

N/A 

(c) If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period 

N/A 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses 

13-15/278-283 

Discussion  

Key results 18 Summarise key results with reference to study objectives 16/348-363 

Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and magnitude 

of any potential bias 

17-18/380-398 

Interpretation 20 Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results from similar 

studies, and other relevant evidence 

20/439-454 

Generalisability 21 Discuss the generalisability (external validity) of the study results 20/439-454 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present 

study and, if applicable, for the original study on which the present 

article is based 

22/485-490 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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